cultures of blood, cerebrospinal fluid, and urine were negative. In addition, the electroencephalogram, brainstem auditory evoked responses, electrocardiogram, and skull and chest radiographs were normal. The respiratory pattern was attributed to 'immaturity of the respiratory centres' and the infant was discharged home at 3 weeks of age.
At 3 months of age the infant was visually inattentive and was referred to this hospital. The physical findings were as described at birth. Sleep stages were difficult to identify because of tachypnoea and abnormal eye movements, but tachypnoea and hemifacial spasms seemed to occur while awake and during rapid eye movement and non-rapid eye movement sleep, whereas prolonged apnoea occurred only during non-rapid eye movement sleep. Pupils were of normal size and reacted to light. Fundoscopy showed normal discs and maculae with some thinning of the retinal pigment layer and exposure of the underlying choroidal vessels.
Joubert's syndrome was suspected and a computed tomogram showed an enlarged fourth ventricle extending higher than usual with a reduced density area extending posteriorly, confirming vermal agenesis ( At the time of writing the child is 3 years old and is hypotonic, sits unsupported, but is unable to crawl or speak. He has severe visual impairment, episodic hyperpnoea (although less strikingly), and hemifacial spasms. The electroretinographic findings are unchanged.
Cases 2 and 3. Cases 2 and 3, both boys, were monozygous twins (proved by zygosity testing) born to healthy unrelated Scottish parents aged 34 and 35 years. Two previous siblings had died of primary apnoea in the neonatal period. A boy born at term had tachypnoea (130 per minute) and apnoea; despite ventilation he died at 48 hours of age. Necropsy showed polycystic kidneys, pulmonary haemorrhage, and a dilated fourth ventricle. A second infant, a girl, failed to respond to resuscitation at birth. At necropsy polycystic kidneys, pulmonary haemorrhage, and a dilated fourth ventricle were found. The appearance of the cerebellar vermis was not documented in either infant. Chromosome studies were normal and viral titres were negative in both infants. Another sibling (a boy) is alive and healthy.
The twin pregnancy was uncomplicated until the onset of premature labour at 34 weeks' gestation. Both twins were delivered by low cavity forceps. Clinical, biochemical, radiological, ultrasonic, electrophysiological, and necropsy findings were virtually identical in both and a single description follows.
Case 2 Apgar scores were 5, 9, and 10 at one, five, and 10 minutes respectively. Birthweight was 2320 g and head circumference 32-5 cm. Irregular, panting respirations, alternating 'facial palsy', dysmorphic facies, and enlarged right kidney were noted immediately. On day two apnoeic attacks with cyanosis and bradycardia lasting up to three minutes developed and apparently were terminated by bag and mask ventilation.
Electrolytes, glucose, haemoglobin, cerebrospinal fluid examination, and chest radiograph were normal and cultures of cerebrospinal fluid blood and urine were sterile. The abnormal breathing pattern was attributed to prematurity, and aminophylline suppositories were given without effect on the frequency or duration of apnoea. The infant was discharged home at age 4 weeks.
The infant was admitted to this hospital at age 9 weeks, after frequent prolonged apnoeic attacks. On examination, head circumference was 36 5 cm (50th centile) and fontanelles were wide. There was a small vascular malformation of the skin over the upper occiput. Jerky, irregular conjugate eye movements, protruding tongue, dysmorphic facies, alternating hemifacial spasms (Fig. 3) , and tachypnoea (150 per minute) with apnoea up to three minutes duration, noticeable head lag, hypotonia, and bilateral syndactyly of the second and third toes were present.
A clinical diagnosis of Joubert's syndrome was made and on transfontanelle ultrasound scanning of the posterior fossa, the normal pyramidal fourth ventricle was shown to be replaced by an oblong transonic area above the cerebellum on both longitudinal and transverse scans, suggesting agenesis of the vermis of the cerebellum (Fig. 4) .
As ultrasound findings in Joubert's syndrome have not been described previously, computed tomography was performed. An enlarged fourth ventricle extending higher than usual, with an atrophic area in the region of the cerebellar vermis, supporting vermal agenesis was shown (Fig. 5) . Polygraphic recordings showed tachypnoea and hemifacial spasms while awake and during rapid and non-rapid eye movement sleep, but apnoea occurred during non-rapid eye movement sleep only. recorded confirming Leber's amaurosis. Chromosomes, determined by Giemsa banding, were normal. The infant was discharged home at 4 months of age but died two weeks later after an episode of prolonged apnoea.
The main findings at necropsy examination were in the skull, brain, eyes, liver, and kidneys. There was a small circular midline defect (3 mm diameter) in the upper occiput containing meningeal tissue only. There was a small vascular malformation of the skin and subcutis overlying the occult meningocele. The base of the brain showed the unci to lie more closely together than normal, completely overhanging the mammillary bodies. The brain stem and the cranial nerves were normal externally, but on section the olives were unusually prominent. The cerebellum (90 g) had an unusual shape, being rounded when viewed from above. The cerebellar hemispheres were applied to each other with complete absence of the vermis and a midline cleft. Apart from agenesis of the vermis, the cerebellum was unremarkable.
The histological findings in the cervico-medullary junction, cerebellum, pons, thalmus, mid-brain, and cerebral hemisphere were unremarkable. In the medulla the olives showed a striking hyperplasia of neurones with roughly 30% more neurones by comparison with normal specimens. The tractus solitarius could not be identified in two levels of medulla and two levels of pons. In some situations in L _ N j _ L _ which the tract might be expected to be seen, there were small collections of neurones which could not be readily classified as belonging to any other nuclear system. The only macroscopic abnormality in the eyes was a fine pigmentary disturbance in the mid-periphery of each eye, with a broad pale tongue radiating from the disc and macula. The anterior segments were unremarkable. There was a selective reduction in the number of nuclei in the mid-peripheral and posterior outer nuclear layer and in the mid-,periphery there was an appreciable reduction in the melanosome content of short segments of the retinal pigmented epithelium. Thus, there was definite evidence of geographical tapetoretinal degeneration.
The liver (244 g) was slightly enlarged. The capsular and the cut surfaces showed a uniformly fine granular appearance but there was no cyst formation. There was a diffuse increase in the size of the portal tracts with an interconnecting network of bile ductules, some of which were dilated. The hepatocytes were unremarkable.
The kidneys were both abnormal. The left kidney (0-9 g) was a tiny dysplastic mass in the normal renal site associated with atresia of the upper half and hypoplasia of the lower half of the ureter. The right kidney (29 g) showed exaggerated fetal lobulation and several thin walled cysts (up to 3 mm diameter) projecting from the subcapsular surface, mainly at the poles. The cut surface showed disorganisation of the normal corticomedullary architecture. The pelvicalyceal system and the ureter were essentially normal. The left kidney showed severe dysplastic change with abnormal tubules, microcysts, and heterotopic cartilage, but no normal renal parenchyma. In the right kidney there was considerable glomerulotubular differentiation but widespread dysplastic change varying from mild to severe.
Case 3
After the death of his twin at home, this infant was readmitted to hospital. Profound hypotonia, no psychomotor development or visual responses, hemifacial spasms (Fig. 6) , jerky eye movements, and episodic tachypnoea and apnoea were present until the baby's death at 13 months of age during a prolonged apnoeic episode. Apgar scores were 8 at one minute and 9 at five minutes. The infant was admitted to the neonatal unit because of tachypnoea (100 per minute), for which no cause was found. The tachypnoea diminished over the first week and the infant was discharged home.
At 6 months of age the infant was referred to hospital because of floppiness and suspected poor vision. Poor head control, mild hypotonia, brisk lower limb reflexes, tongue protrusion, absent visual following or fixation, and jerky eye movements were found. A diagnosis of non-specific global delay was made. The child smiled at age 4 months, reached out for objects at 14 months, and sat unsupported at 16 months.
At 18 months she was referred to this hospital. On examination there was constant tongue protrusion with episodic tachypnoea (80 to 100 per minute). The child sat unsupported but there was noticeable truncal ataxia and increased tone and reflexes in the lower limbs. Jerky ocular pursuit movements and decreased visual acuity with normal optic fundi and pupil reactions were found. There was no speech or play.
The breathing pattern, ataxia, and eye movements suggested Joubert The five cases reported here illustrate the variability in presentation of Joubert's syndrome-panting tachypnoea at birth (case 1); prolonged apnoeic attacks, tachypnoea, and hemifacial spasms in the neonatal period (cases 2 and 3) ; global developmental delay (case 4) and failure to develop vision (case 5). Although the clinical hallmark of the syndrome is neonatal episodic hyperpnoea resembling the panting of a dog, the significance of this was not recognised at birth in any of these patients. In addition, the abnormal respiratory pattern tends to wane with age, thus the importance of a detailed neonatal history in older children presenting with the features described.
The necropsy findings in two cases were comparable with published pathological reports of Joubert's syndrome'6 and Leber's amaurosis. [18] [19] [20] [21] [22] [23] The cases of Joubert's syndrome reported to date are summarised in 
